Measurement of a relative afferent pupillary defect (RAPD) can be carried out by attentuation of light received by the normal eye during the swinging flashlight test. Such measurements may be useful in the management of central retinal vein occlusion (CRVO). In this study a method employing cross polarised filters (CPFs) was tested for reproducibility.
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In addition the pattern of attenuation of light was compared with that by neutral density filters (NDFs).
Finally, the method was used to investigate 74 patients with CRVO. The method was reproducible (8.7% The identification of a relative afferent pupillary defect (RAPD) is part of the routine ophthalmolo gical examination. Although the swinging flashlight test allows the detection of the presence or absence of such a defect it does not give a measure of the defect's severity. Thompson et al. 1 have described a method of quantification which involves increasing the attentuation of light entering the unaffected eye by using neutral density· filters until no afferent defect is detectable. The density of filter necessary to achieve this is a measure of the severity of the RAPD. A disadvantage of the method was that a stepwise measurement was required, with steps only as large as the difference between the filter densities available to the examiner. In contrast crossed polarising filters provide a means of continuously varying the light transmitted to the eye by altering the rotation of one axis of polarisation against another. These have also been used to measure RAPD. 2 Although the inter-observer variability has been tested, the technique's intra-observer reprodu cibility remained undetermined. In addition the different patterns of attentuation of light by crossed polarising and neutral density filters required illus tration. An initial intention of the study was to address these two issues.
Measurement of RAPD with neutral density filters has been employed in the investigation of a number of ocular diseases?-7 In central retinal vein occlusion (CRVO) this method has been used to estimate the risk of iris neovascularisation. [8] [9] [10] [11] In this study crossed polarising filters were applied to the assess ment of the condition and a predictive value determined for the development of iris neovascular isation.
RAPD MEASUREMENTS
The RAPD was measured with a device which consists of two pairs of polarising filters mounted side by side (Stereo Optical, North Kanton Avenue, Chicago, IL; Fig. 1 ). One of each pair of filters can be rotated in front of the other thereby changing the polarising axis from 0° to 180° and attenuating the light transmitted. The device was held in one hand and the patient instructed to gaze at a distant object over the top of the crossed polarising filters, thereby allowing visualisation of the pupils by the observer.
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The swinging flashlight test was then performed in a room with dimmed background illumination with the patient fixating on a distant object. 1 , l2 The light from an indirect ophthalmoscope set at 6 volts and held 30 cm from the eye was shone consecutively at each pupil with an angle of 15° to the visual axis. 13 The pupillary reaction was observed for 2-3 seconds to allow observation of pupillary behaviour before the rapid transferral of the beam to the other eye. Both crossed polarising filters were initially set at 0° and the filter rotated on the side opposite to the defect. The end-point for the RAPD measurement was obtained by underestimating and then overestimat ing the degree of angle rotation required, gradually reducing the interval until the RAPD was neutra lised. This end-point occurred when the pupils' initial constriction and subsequent dilatation were asymme trical. The observer was masked from seeing the polarising angles on the device by covering the calibration marks with tape. In order to examine the intra-observer reproduci bility of the test, 10 patients were examined on two occasions with an interval of 5 minutes between examinations to minimise the effects of retinal bleaching. The mean of the differences between the two examinations was calculated and the standard deviation of the mean difference was used as a measure of the intra-observer variation. 14 The coefficient of variation of repeated measures (CVRM) was calculated from:
Where meanl is the mean of results of the first obervation and mean2 is the mean of results of the second observation.
CALIBRATION WITH NEUTRAL DENSITY FILTERS
The relationship of light transmitted through neutral density filters was compared with that passing through the crossed polarising filters at different angles of rotation. A non-coherent light source connected to a stabilised power supply of 9 volts was employed. Combinations of four neutral density 625 filters were placed in front of the light source in order to provide a range of densities in 14 steps of 0.5 log units from 0.5 to 6.5 log units. A radiometer (International Lightmeter 1700 and SED 038 response detector) which measures approximately the same wavelengths of light as the human eye was then placed 30 cm from the light source. The light transmitted was recorded on four occasions for each combination of neutral density filter to provide values for the mean light transmission. These filters were then substituted for crossed polarising filters and light transmission recorded in a similar fashion at intervals of 5° of rotation of their axes from 0° to 90°. Theoretical values for the transmission of light through both neutral density filters and crossed polarising filters were calculated. The optical density of a neutral density filter was defined as the logarithm of the ratio of incident light to transmitted light and was given by the equation:
where D is optical density, IDa is incident light and It is transmitted light.
The light intensity following transmission through crossed polarising filters conforms to the principle of Malus' law:
where It is maximal light intensity and e is the polarising angle.
These two equations were combined, allowing the intensity of light transmitted by the neutral density filter density to be related to that passing through the crossed polarising filters:
where k is a constant.
The theoretical and actual values obtained for transmitted light were compared by the least squares fit method.
PREDICTION OF IRIS NEOVASCULARISATION IN CENTRAL RETINAL VEIN OCCLUSION
RAPD with crossed polarising filters was measured in 74 consecutive patients with CRVO at pres entation. Twenty patients had to be excluded from the study for the following reasons: 6 had rubeosis iridis at presentation; 3 had intraocular pressure greater than 30 mmHg in the affected eye; 5 had bilateral vein occlusion; 6 had other ophthalmic disease in the fellow eye (2 had retinal detachment, 2 had primary open angle glaucoma, 2 had previous retinal arterial occlusion). Fifty-four patients with a mean age of 64.7 years (range 27-87 years, SD 14.4) remained and consisted of 26 men and 28 women. The mean duration from onset of the occlusion in these patients was 3.8 months (range 1 week to 12 months). Forty-six patients were re-examined 1 year follow ing onset of the occlusion by one of us (T.H.W.); the RAPD was recorded and the presence of iris neovascularisation noted. Two patients who had received prophylactic pametinal photocoagulation were excluded, 1 died and 5 patients were lost to follow-up.
The sensitivity and specificity of the test for the detection of those patients who subsequently devel oped rubeosis were calculated. The standard devia tion of the mean difference between the RAPDs at presentation and at 1 year was calculated to determine whether any change had occurred with time. The difference in Snellen visual acuity at presentation and at 1 year was recorded and a correlation between this and the change in RAPD was examined by Spearman rank correlation.
RESULTS

Reproducibility
The mean RAPD of the 10 patients was 71° (SD = The intensity of light transmitted by crossed polarising filters (circles) in comparison with neutral density filters (NDF; triangles).
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There was no significant difference between the first and second readings (two-tailed Student's t test), the mean difference being 0.3°. The coefficient of variation of repeated measures was found to be 8.5%.
Neutral Density Filter Calibration
The relationship between the attenuation of light from the crossed polarising filters and the neutral density filters is shown in Fig. 2 . The attentuation (log intensity of light) by the neutral density filters was related in a linear fashion to the density of the filter. In contrast the angle of rotation of the crossed polarising filters was exponentially related.
The error of the measured attenuation of light to the theoretical attenuation for the neutral density filters was 15% compared with 1 % for the crossed polarising filters. Using the equations previously described it was possible to determine the value of the constant, k. The relationship between the neutral density filters and the crossed polarising filters used in this study was therefore described by:
Prediction of Iris Neovascularisation in Central Retinal Vein Occlusion Fifty per cent of the patients with CRVO were found to have a RAPD. The mean RAPD measurement in the patients with CRVO at presentation was 24.8° (SD = 30.4).
The mean RAPD of the 7 patients who developed iris neovascularisation was 33.6° (29.8). This was significantly greater than the value of 13.4° (22.4) obtained from the 35 patients who did not develop any neovascular complications (two-tailed Student's t-test, p=0.05). Using an RAPD measurement of greater than 20° as a predictor of the risk of development of iris neovascularisation provided a sensitivity of 71 % and a specificity of 69%. Three patients developed retinal or disc neovascularisation and had RAPDs of 0°, 65° and 70°.
There was no significant difference between the RAPD at first presentation and at 1 year using Student's t-test. The standard deviation of the mean differences between the RAPDs at presentation and at 1 year was 32.2°. No correlation was found between the change in RAPD and visual outcome.
DISCUSSION
The measurement of RAPDs using crossed polaris ing filters was a reproducible method for quantifying the defect with a small coefficient of variation of repeated measures for intra-observer variation (8.5%). Calculation from the results of Rosenberg and Oliva 2 of inter-observer variation provided a value of 19.7%. It is not surprising that inter observer variation is higher than intra-observer variation because the assessment of the null point is subjective and may therefore vary between obser vers.
Rotation of the crossed polarising filters allowed continuous variation of the attenuation of light -a property which was usefully exploited to provide a precise assessment of RAPD in a clinical setting.
The relationship between the angle of rotation of the filters and the degree of attenuation of light was exponential, observing the principles of Malus' law. Indeed there was an extremely small discrepancy between the measured and calculated values for light attenuation from Malus' law (1 %). In contrast, the neutral density filters provided linear attenuation of light relative to their log density values and were found to have a higher discrepancy (15%) from their theoretical model. This may have resulted from the need to combine neutral density filters of different densities, thus introducing a variable number of reflecting and absorbing surfaces.
It should be emphasised that the properties of the attenuation of light by the two types of filters were different. Therefore the numerical values attributed to the RAPD from the two methods, that is density for neutral density filters and rotational angle for crossed polarising filters, are not directly related. Results from the two techniques can be compared only by means of observation of a graph such as 
In this study the calculated constant (0.27) probably accounted for the reflection and absorption of light from the casings of the crossed polarising filters. It should be noted that this will be different for devices other than the ones used.
Crossed polarising filters may be less useful with particularly severe RAPDs requiring high angles of rotation. Observation of Fig. 2 shows that above 80° small rotations produced particularly large changes in the attenuation of light. In the clinical setting this may not constitute a practical problem; for example in this study only 2 of the 54 patients with CRVO had defects measured at greater than 80°.
Fifty per cent of the patients with CRVO had measurable RAPDs. The patients who subsequently developed iris neovascularisation had more severe RAPDs than those who did not develop this complication. Measurement of RAPD by crossed polarising filters with a cut-off of 20° provided a specificity of 69% and a sensitivity of 71 % for the development of iris neovascularisation. This was equivalent to using a 0.62 log units neutral density filter calculated from the equation above. Hayreh et al. s used neutral density filters and a cut-off of 1.2 log units, which produced a specificity of 70% and a sensitivity of 89%. The apparent difference in the 627 values for neutral density filters probably reflects a difference in the methodologies in the studies.
Using our methods, crossed polarising filters provided a method of comparable sensitivity and specificity to some of the alternatives such as electroretinography, fluorescein angiography and colour Doppler imaging. 1 O , 11 , 14 -24 Whereas other methods require sophisticated equipment this tech nique utilises simple, readily available apparatus without the need for specially trained personnel. It has the added advantages of being inexpensive, quick to perform and non-invasive. Disadvantages include the requirement for a healthy fellow eye and mobile pupils. In this investigation of CRVO the use of the method was precluded for various reasons in 20 of 74 patients. These exclusions are similar to those of Hayreh et al., s who excluded 19 patients with bilateral CRVO and 12 with pupillary abnormalities from a total of 128 patients. Although RAPD measurement could be used in a significant propor tion of CRVO patients, other methods may be required in those patients in whom the measurement cannot be made.
Examination of the values for RAPD from follow up of the patients showed that the defect varied with time after the onset of CRVO because the 30% coefficient of repeat measures was greater than can be explained by intra-observer variation of 10%. The change in RAPD, however, could not be related to changes in visual function in these patients.
CONCLUSION
The measurement of RAPDs by crossed polarising filters is a reproducible method. Crossed polarising filters produce a continuous, exponential attenuation of light in contrast to the linear attenuation by neutral density filters. In unilateral central retinal vein occlusion measurement of the RAPD was of modest predictive value for the risk of iris neovascu larisation.
